[ Downloaded from jwmr.sanru.ac.ir on 2024-04-27 ]

Nl WAV bl 5 )lon /Y 0)lod /s Jlo 55l 059> e acliingy

FLIEET @99 (g oS 5 () 3 o3l b 38 &1 el S s (S
(0095 095 7w 259> 153 )90 andllas) CLEM! (4551 (y LS

£ . - N & - . N .
Slot (ome 9" Sy (98 T (2loy W L g pele pe Lo e

(elireza.ameri91@yah00.com : Jgguwe ot g5) ¢ yoyde oy oKD (5559890955 (558> (goomatils —)
oilss ol ¢ wlidioguy Hbolual Y
ol ool b gl 5 55L88 o 55 o bslial ¥
Ol ol8til (3gl98) 90955 il —F
AV i by oy QYYD wedly fu)b

XS
@ golwe Gblo (ool WS (0 Jeood Glea ol )3 Gludl g boeo dlaBl @ 1) oo Olylud B03H (ej
O 059 53 ORI ey JbS Sy Caa oo (il 53 Ml Sx9ps SIS ol I Sl Sl 53 e
9 lolgale yaglas 5l o3liiuol L Iyl jolite s sl 049355 03kl SLEMbT (155)) 9 9l (29,91 (s 5 S0 31 (39,8
23,5 g aallne 3,90 ailain £S5 (05 AT 4t 9 (allis 55390 alltie > (o34 U e live e
(S 1 dlold ool 1 dlold icuwd S oo Mo yd (15,1 OlD Jold (w380 cre 3145y 43 yig0 Jole VY o8
s 501 A3 (TWI) 31,5 3355 (e 3L SPD) e 508 (i o] 651,8 53335i) cadl gl 1 bl
51 Jelss (39 comnd joliie Ay 93,5 098y ArcGIS10.2 Jawxo 43 jo5do (SAL 9 W3S olwlid alade glodl adli g
oW 0 > ding (o Wi 3,5 o3l WML (35,1 (pdg, 5 WIS (1jg e ST 9 09l (295 b,
S5 g1y (AUC) (gixia 3t Corbuns 3 ROC gixio 3335 483 Sljicks 5 ) chuogio 5 oS b 5 Uyl
W Gl Sy Jae a5 8l slis o I Jeols wslie g w3 )5 aaliiw] (oo (5l AUC | 5 paw s (§Audigy
Ot by 83> 1 Aol g (1,1 (5 2y Jolge oS 315 (LS gl il oo (3 (e s giaing S (+IYAY) (YL
o, VY g ol shas 63, 40 05 I (HUSR YIYY /L) woyd VE/€0 (guls b Wl (W358 o £999 30 1y wili
SRS ST sise) 3 Wl o g3 il I bols TS Sl 6,5 1,5 35 A kS 83, 3 (U £YEEN)
3158 Ol 3240l 0 03l 3550 (Jrateo CBlis g odls Cd b (b yloid b (BESE L 5 Wbo (glarwss sz b 6l cuwlio

[ DOR: 20.1001.1.22516174.1397.9.17.14.6 ]

[ DOI: 10.29252/jwmr.9.17.132 ]

255

09y 0390 «lEMb! 433 )] gy sl (29551 (19 (SN Ay <o 3 (o) 15 slojly

83 oy o yme 53 o)lgen cul 0nd @ly oSy L
b9y Bl g S cnl g Sge Jolos calid g 31> )13
Bble sucugdyl 9 Biome; Gnotn ln ol
Sy diej ) OpSB oAbl oo (6y908 B3 4 (ol
clllae g)lol (slagsty, 5l eslatl b (oo slad
2 RABNFIVY  FVYF) Conl 48,5 Sygo (glod i
5 ovidoee) oy aey0l (608l eolaiwl diw
sl 13l AT, le a8 Cowl 48 )5 O a0 (0L Slalllas
oj9> Liomes Cumlas bl Hohate @ (V) ol
g opste 93 (ylel JUI 51 Slog) 9 aSimn 5]
an 5 by 8 solil oyeils gyl Lasls
lapbio el (B33l Comlua b)) Hlaie 4 (F)
a3l 5 oputiagd ()bl 2T 51 STobal ;528 oV 3Sen
A yelaie 4 (YA) hlKen g 55 053,8 oolatwl g,
Jae g el (35)] Je 93 51 230 Coplu 4k
Oikos opl 3l Gan 008 eolatwl asdly i (Y leisl
o3l b (59,87 (193 09> 53 (B33 me S s
ol s ol el oS S F s 2
wove 3l gy (orwcous jglaie 4 bl e OleMbl

Ll 00 oolaswl ROC

doddo
2 w3l Glojes p okjps g o) Jelse o Sl
sibe Slad (S o bia) (e &S 000,50 ) > (3L
2 Bdes (330 0ma) ((VA) 335 o0 Cguina laoje ol )
SIS ey S able bz laslys | ael ol
1S g (VF) 300 2) 851> (ogmy ($59d53 9 (SlimngS
o wibe SbunsS blie ) b chhs e
S umd e gy it Jelge pI cod b33 (e
Iy Jolgs cpl o bl s ol Sl Jolge j3 (S5 s
SSass L pen 4wl 035 danlge JSie L
299 G5 e ol Jelge Loyl g calid (il
Cwld ST ol 1 (So G5 omes s gdbaigy
Syrge S (o) €989 3 e Jelse (lulid (YY)
i can bl glalpl 51 (G ol s a4
9 prcwle OBl g oy ol S cla)Kal) 4
O g3y 059 (VO) Ml Fgo 4 (n e
G ag by Sl adbie S Gad @l S 4


http://dx.doi.org/10.29252/jwmr.9.17.132
https://dorl.net/dor/20.1001.1.22516174.1397.9.17.14.6
http://jwmr.sanru.ac.ir/article-1-631-en.html

[ Downloaded from jwmr.sanru.ac.ir on 2024-04-27 ]

[ DOR: 20.1001.1.22516174.1397.9.17.14.6 ]

[ DOI: 10.29252/jwmr.9.17.132 ]

WY

WAV ol 5 5las /Y 0)los /s Jlo 550l 059> e acliingly

O o W39 05 (o0 doui po AwlS AWlS g ) puS
Slisg) o> > Sig Ol wliog, b (s bl 51 g
sdas DNg o 09)S Cale y3 5 SOk Alsg) 4 qwasS
oy 5 aib o)ld b slagliensS |y Lingh 350 aidlate
o3y JoSui5 ()8 wpr—six 9 )8 Jlod - Jlad) )
5 5o Lwd (G5lgd )90 059> (535 30 Coomd )3 S g o
S ol (o (s L <> olyo 4 (5)5mloas
Slg 32 )3 (oS (oled g 95 03 AgS 03 (g3 S
4 28ly 50wl SliwdsS Il patn S ddlaio Ll puis
Silye 50U )3 ik S 4 laSL (Sl 5 Shes i
W)l VL ol 48515 08 e 0T i
daygo o VAV @y ol elas))l 5 el o e FYAY ddlais
lud 058 ol 055 Ay lgi o ddlaio woe slasuils
055 ¢ Slowl ¢ g 1m0y ¢Jy doude 058 ¢ Jlodl ((EM
2,5 0Ll oluuw 09l 058" 5 4 y8 058 ¢ Suilo

S0°30'""E

31°45'0"N

U Tom3A g
U skigk
2= High : 3383

Low : 1017

50°30'0"E

B w9, 9 290
azllhe 3,90 adlie u,;é,o

0oe TV OV B WV Y Jolas 13 eb e oje
ool 0l gBly By5 Jgbo 07 ¥ B 0% YOy Jled
2 9 2l @yeyioghS YYAY 2905 (155 10 0jg> Canmg
2 0jg pl 2 )13 Jo)l el 0t gz (g yraghs YO
O3 5 ohed b o b Jlre)ler bl 08 Cgx
sty 0390000 cpl (umo JS 50 (pyiers DS )3
a3 0> (S35 pe Cuowd )3 & b (b
0je> 3 dalllas )50 ddlais 3y I8 o3 Ol &g,
2 8 Cuload @ly (plas 5byd 9 o) @) ¥ o)ledd
D )18 515 sloosS iy o Cgir g 0pE Cond
395 039> 325 9 213 )18 Sl i el 53 (g3 e ady
doipoo Ela5)] e ploglS YO ailhdg) Job Adbioe (o)l
Aibe yie VeV Wi, gyl g e YYAY
sloogS g cunl (B8 Cgir — (08 Jloud w2, e

50°40'0"E

31°45'0"N

Figure 1. Location of study area

sttty Aoy piede (3I0ne) E89 )0 e Jeles
(i) Jleasl jlad Ul gl .l asbly ol ol
Sl & 5908 Gl (B3 Bble oo ool
b3 bl ogrge olen (sl mSe 1 odlizol b 14 1] oo
(2l SopSe s @l b)) shie 4 5 olulid
S o Cdpdy o Hlal d)ee ddlais | Slae claadil
5 ol dilaio )3 Bjlie) g9 > Fse Jolos )
ATCGIS |, ILWIS J58le 5 Laoms 5 abgyye sladiis
Gk ool > ol 3)00 4l aald 43S ash)
bl 6l g 2,5 e (ol o) 4l 5 A5 le
uuL.n.p BEl u)l}b dlbu&c AR ERERR U»L&.A BEl

Y
wlolid (o) Canlus Al agd ) p5 sl
0o gl o 3 (V) 2l adlate )3 03l ) (slagsiza)
o3> 2y gl i3 (wwyp & kS Glmgd cpl 5 b
YA ol Slalllas adlaio ;o ol ond aidlyy aslais )
Shadlaie ) oad ololis gba o34l >3 slulis o3
G5 (hgy bl e JUl = pdS e g iS £
ol &8 Al (oS g (ilen —ialojl g5 ) o>
Sgrins (lBRLS (gla o)y n 5 o3l by, jl e
g dilaie olop (puSe 5 AL cw)p (B
ol el ok o3lital 55 _Slee (sl 5 dalllas


http://dx.doi.org/10.29252/jwmr.9.17.132
https://dorl.net/dor/20.1001.1.22516174.1397.9.17.14.6
http://jwmr.sanru.ac.ir/article-1-631-en.html

[ Downloaded from jwmr.sanru.ac.ir on 2024-04-27 ]

[ DOR: 20.1001.1.22516174.1397.9.17.14.6 ]

[ DOI: 10.29252/jwmr.9.17.132 ]

¥ SleMbl Jo5,k ol 9581 (g (oS 5 Ubg 3l edlial b 34 4 el (slado e s

af _ Z3+Z6+25-Z1-T4-E7

= dx ExP (\)
df Z1+Z21+Z3-T4-ZB-T%
= — = A
H dy gxP ( )
_ Z3+Z6+T5-T1-Za—Z7
- Bl (Yl)
 UR+B-T-B-T
- Bl ¥)
= Il +I3+24+T6+ I+ 09 -2x (L1 +25 + 1)
B 20} ®)
- -I1+Z3+I7-1I8
N FIRLE: )
z1+ 22+ 23+ 27 + 2B+ 20— 2% (24 + 25 + 26)
t= - (v)
Txhg

XY Jolo aSis jo glasyl polie Z9 U Z1 slayalyly
ol gl yadls olas Y U Y Lalg, sleslaiwl b .adl o
3,5 dwle alado Lzl § pdaw lizul o s

SLOPE = vHZ + G2 ™)
_ H q
ASPECT = arctan (E) ()

g? sr—Zupxgua+ pixt
- . a7) ()
I:-\.=1+ Pe+qg®)

Plan Curvature =

2 1 2 1
Profile Curvature = — 2 BHa#meT g ><3 (\\)

(P2 + q:f'x[f 1+ P24 q:;I

s aalpl )8 BlS e s slapasls polie

TWI = In (A;/tan §) (VY)

SPI = A; = tang (\Y)

2 owd obdS B g el o5 Colue (AS il s oS
Al oo A )d e

EolS AlE Ve e e ol b B S g5 i V¥ e
2 ETM+ o jlgnle yyolas Vi eeeen bio b 2l
Sy gy 9 (Slllbe dilae CusBge (b bl
Sbalne (B33 0mes st iy yolate 4 0l ool
dg ¢ o3> jlalols ¢ JuS 5l alols (o) (6 2)8 «s3glond
) Slib ¢ cwd ool wnlyl Aol s
ASPI) Cogwy oo [adls (TWI) cusb, a3li
O 285 )18 2b)l )90 glate (Slisdl g e (sl
5 b 0je> o853 bli GPS 1 eolizal | lazy) )5 «jslaie
50 slodgr S > adids 0,8 AreGIS 10.2 15806 5 55l
sl oolaiwl b ax dsge j0 .05 ang )b ol

dilate (olidiype) Cumdy adlaio ViVeee e ol (e
NJPIPieE pwyy g dadllae b e (wyp (295 4
9 )5.“5 d)b).gdu.ﬁ.& OLo)’L» Vi¥eooe u_;.l}m dlaau..ic

olidone) i and 4 plBl Sl o)y
Al aoylglas 5 Siw (sladsly adiss AR5 5l ometed S
3 Aol «silgnd sloadis 5 0,5 Wl dge osd) &
Lo y3 oyb ol 5l ool j) alols o JuS jl alols canl]

GBS ider 9 owey )l Al 00,5 ans ArCGIS

PAREERER oobdo b pej (6,08 A 5,k 5l 50 ddlaie
ENVI 4.5 )l)ﬁ‘ ,a)_'» Lo P & ETM+ oUW )wl.\aﬁ

298y Jdo Al dnrg polate 4y 03,5 A ) ol
Ve e poliie b B Sas adi ;| (DEM) el
oled ool 005 0dli] prluns (glbg s ldlin olojlu
g 0j Spe Vool glaggie 5 (o)) b
ol 5 oolizl can pY Sl oles g ogd, anllas
oozl | .25 plool ILWIS 58l 5 baymo )3 cleMb
B9y 9 oMb 098y (Sl B 5 e sla e
23,5 (DEM) (ol)] (c098) Jio 4 & pladl ¢ 0l 9950
S i) o i o o) osb Jao Sl 1
Byoyio Ve Ve cdo banlyl )8 23ls g S8l Sse
Sl yadls duwbre (gl oolaiwl )50 Slatdo 030,5 dugS

Bl (oo 3 b 4 S5 g 9055

1- Plan curvature

2- Profile curvature
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Figure 3. Distance to stream
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Figure 5. Distance to road
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Figure 2. Lithology
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Figure 4. Distance to fault
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Figure 6. Elevation
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Figure 9. Land use
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Figure 13. Profile curvature
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Figure 8. Slope aspect
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Figure 12. Plan curvature


http://dx.doi.org/10.29252/jwmr.9.17.132
https://dorl.net/dor/20.1001.1.22516174.1397.9.17.14.6
http://jwmr.sanru.ac.ir/article-1-631-en.html

[ Downloaded from jwmr.sanru.ac.ir on 2024-04-27 ]

[ DOR: 20.1001.1.22516174.1397.9.17.14.6 ]

[ DOI: 10.29252/jwmr.9.17.132]

WY

Cabge (38> oo phley pbol b dn dope
do By b awils 895 GPS oK I eoliwl b b yi5a)
5 Sliges VO UK 13 (VF JS5) kel yd i3 4 yrewssb
& ol sy cde 4 &S adhaio o £y sla b

ool o 001y L sl 02l

50°30'0"E

31°50'0"N

31°40'0"N

50°30'0"E

WAY bl g 5log /Y 0yl /ot Jlos sl o) o pte aoliiimgs

P ool Fy e i glgl oyel 0 Al 4 Cas
oobde b oadlie olsa sla uSe Tl ( Sladllas 035500

dl.hobb Oared g @9&»)9&)“1 L)::’?) & Ye¥eone
ookl b Yeed Jlo 4 barye can casdd glojloalo

3,5 et b33 bl g Lload yuwss ENVI 38l 6 5

50°40'0"E

TN T TIPS

31°40'0"N

50°40'0"E

5 () Sy 45 1F IS
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Figure 15. An example of landslides occurring in the study area


http://dx.doi.org/10.29252/jwmr.9.17.132
https://dorl.net/dor/20.1001.1.22516174.1397.9.17.14.6
http://jwmr.sanru.ac.ir/article-1-631-en.html

[ Downloaded from jwmr.sanru.ac.ir on 2024-04-27 ]

[ DOR: 20.1001.1.22516174.1397.9.17.14.6 ]

[ DOI: 10.29252/jwmr.9.17.132 ]

WA SleMbl Jo5,k ol 9581 (g (oS 5 Ubg 3l edlial b 34 4 el (slado e s

Himax = logz 5 5 —number of classes  (VA)

]_J-:

Wy =1 B ()
ol &S

By slaod 5 Jale ja 33 o515 Jlenl (B
955! w5l g (958l ol Hjmax o Hj

Jole 2l 0jg W
Je b))

ROC gz jl Jao (obj)l yslaie 4 Gimoly cnl

Jae o)) Glp &8 ol 4 oy bl o.\,;‘a odléswl
S digg 5> 45 3905 o3l plapid plen Sl Gl e
bla aoys Ve bisd bl o 5l (V) .\Jla.u oalawl
odlasiwl 3y50 Jdo Uyl (sl o pd Yo 5 il e sly
Slat iy e 3} o3ital | oo (1Y) €55 5
8,8 1B Aol 350 oMb A Al Cows (YY) \u.,mj
Caogas &l > bbby, oppdlylS I ROC  sxie
Oljee &8 Conlnioms (gl 9 Jloil (lolid (s
5l o.sLEz;:‘:»l L (A) A8 oo 29l (oS Q)}wvd.g Iy Jde ¢
el dn oo o padls oy Sl o
S ROC (gxxie j gdaw (A) 23,5 (e Jdo (sl
§) e ot ke il 0gd e ol TAUC
03li3) @y Cun)dy S 0 ol 2l oy b
Oe) E89 pas) B g98y pae g (U85 (e £959)
Gl psio VB /0 5 AUC polie .cal o) (o34
@ eSS byl g (e g (oS (S (Siaen
‘s S /A e e/AY) Ogse
(s o /0=+[5 o lawgio o/F=IV Cod o /V=+/A
Al bl S5 Sy 4 (Goxie e 420 (VF) cul
Cuol 04 dupd (gdiading Al | CBD oy ying

H'r.n:x- i
A 1=(01), j=1...n (1a)

Hjma:-:

Jelse saucaglgl g (ololid pslaie 0 (Aagh ool

Sl (gldigg A48 g 9 (B0me) S 3 e
225 ol opg S5 Sl Sl G
955] gy J slee (g dnloe gl &5 @50
9> b9y J lre slagdS g amsle (9 (6l
059 Amolbre Gl e ,\m)f oozl leMbl 555l o yuxie
ACGIS10.2 38l py Lo 55 gl (o podS 5 o lns

g b Y 5 Raster Calculator 5looolanwl b
g o2 bl Y jliel g 0ps or 5 bl laedS
Do) Comlus by adB Sl g WS
ROC e jl 58 Jdo (Sriwcons yolaio 4 ol Cundy
o3l b aylixe ()5 dusloo 3l Juols guls .05,8 solacl
ol (3] )5 sloayY o ol Lt gyt s,
S b a5 4 (SPI) anlpl Joo g5 (a3ls 5 o0l 5l

SleMb! 35,1 ()

9 e Sl JB 4 (VM) g ol bawg b9y
olyie @ (53 38 (g el 3 a8 @l (VA) e
Olye @ o 5 (B Jelge 1 SG g dtaly i
» Jelos 51 S pm S Gliee g Bgdi e (A Jhtue pie
RS e i) Jelye 3 5l Jitwe (55ene) £98
oiil 5 Sl saa¥ jledy o (8ly G5g e (V)
Jelss sl (oh)l polie oz bauly @ 5l o ML
SleMbl 555 3,5 o dulxe SleMbl Y )] dalise
g aibaio buwgle (b33) gaw 20y el | ilizio Jolge
de bl Cud & Cuwd o (LN) 5 4,8 dwlbxe
ol 5 ialie s oS5 Ml )l |, alols
Wodal) 5l Sge Jalse Sl adb po 4 bgpe 5 by,
(OVA) Bl o Cawsy

I.'l: [51) -I
. Denaclass r-.|:l|.1: (1) (YY)
LaWi = (s | = | Sy
Denzmap E_ —~ SIJ
TMpix (Ni)

:Oi )3 45
S 5l pascie dib y> i owe; o515 [Densclass
sl
odgize JS' ;5 (533 (e o515 :Densmap
& St e ol b ook slaw Npix (SD)
yolyl 5l adds oy edl
) aib IS colus | o Jsks slas :Npix (Ni)
8l oo yiell
OFW (529,51 (5595

ooy latel kg )b Glgl sl (8l (58] )55
(Y7) 235 @] (o8 ©yg0 0 il by Loles 5 ke
Jolse o jl digSe & cunl )] Sy cdids> > (g9
@ b3 (eS| el cnere Ol oo i Ban o g
ably G alsy 1) U op i & olasie J)le
Ssdigy o &S u.sl:>r.sT Sl o pasuie b gl 1)
Yoase ailals Lylid 4 e (3 o) Comles
O‘}t?‘ O D (pored g oay’)lﬁﬁﬁl} u.nlm dlm”;’flﬁ
b sl g opito 93 (gylol (gl Je 1 oozl b s
S s o3 e 98 p e Jelse (oled cip i
Ll ansly i WU Jelge 5l (S asls W)
895 0;1)413.: (YF) 3945 50 4.\.9)5 IS "j ))1 OI'"
i 380 Gpie 3509y o plyie 4 Mg joSie
.\wl.s MI.) LQ)I d)l.\s).ub ‘).m 9 )Jyo Jvcl}c L;sL»L.w ).)
E89 » Sse J{‘s‘— SxuCadyl jokaie 4 (S Hob 4 (YF)
hoslatal b ol opbicumlus s ans o u»fjw")
(V) 23,5 odlatl 5 Laslg, 5l yoS' e by,
p.=2 (\6))

Ly a

(')

{ } ?5‘11'.'
=- Ei:]_{Plj}lDEI {P.j}, ji=1l...n (V)

1- Relative Operating Characteristics Curve (ROC)
3- Seed Cell Area Index (SCAI)

2- Frequency Ratio (FR)
4- Area Under Curve


http://dx.doi.org/10.29252/jwmr.9.17.132
https://dorl.net/dor/20.1001.1.22516174.1397.9.17.14.6
http://jwmr.sanru.ac.ir/article-1-631-en.html

[ Downloaded from jwmr.sanru.ac.ir on 2024-04-27 ]

[ DOR: 20.1001.1.22516174.1397.9.17.14.6 ]

[ DOI: 10.29252/jwmr.9.17.132 ]

AR}

ol 3 Aol g s om bl sl dlols
Aol dopm o5 laigS 4 wiloe (pwoSee (b ol
Do g8y el 95 o0 b (b sla el ()l
S ool @ dog b S o by (I S g 9 S
9 Moo R 533 (e 59 Sl Sl alolo L
QIS g 550 ool cde 4 Wil S JuS 4 dlol 4y ya
ool o i3l 33 (o5 5By Jloisl dncSin 5
@y adhaio (Il Gl )03 Ojlie 4 g (b Cundy 3
29 Sl Sy & @ges Sy g 0 op
sl Ko e o3ls (sl Sad5 > Lb s el

Sy plsll g

WAY bl g 5log /Y 0yl /ot Jlos sl o) o pte aoliiimgs

Slasy 50 1y 43l gy (/YA /YA < /¥Y) Lol oy YL
ooy opl @l Wlasly dsllas 5y50 dilaio o 4538 e
5 ole ye )b Calls (YY) zbs b suios
Podls Aol Fae ids 4y 08 Budns o (V) oy
5 55 () iS5 VLT oS o3) (55 me; g58y
s ol e |y ol (Soop ol sl e
03,5 By ddlate cpl > 3o g8y Jole (e
§ s Ve dlob s o 51 505 e
9 9505 (IF) e 9 I iz o2 Wlodd S pee 03l
Ow) E89 > ileedle Jse 4B 4 (VY) ofen
s Wled)S A8 28 ddllae 5y50 bl slayi3d
aledbl o)l sy 5l edlatwl b la oS 5 5l Juol>
5 JuS jl alold wools 5l alold (slayiol )l )3 4 oly ol

o _ 9yl a3l Jloslizal b (1 5 Jge Jalse 5 o5 (e o BLII Y S
Table 1. Relationship between landslides and their conditioning factors using index of entropy

ol Yy o ot A oo Wiy i ei)  H i Wj
() () max

<\ £YO-¥A-. . AWYVE-. . —+/¥V\ NG AN,

~ Ve = Yeen FAANYS -+ VOAYs s+ YA JAE WNA
& Yoo - Y. YO AY- - YEAVS -« + R WYY WYYy -y .Y

— YOee = Yeen AOAY- 04V - - R AN DE

S¥eus YAYAYY- + AYYee .Isvs LYY

Jlos FAVASY + DV« - YEY Y oleA

G Jles Foo)ofen YEAS - R A

) Gsd TEOYY - -+ SV R 5
{ G oy FAYVIA.- - VFASY- - —.I¥$0 WWYene Un e

: g BOIYEY -+ VEYAY - - S VY

,\f,/ RN BN -OV- - VAVAY -+ - —ofye. YL

oy PAFFYY + AVWY - VY JM Y

e e YA-QA- - - VY- - Nt JEY oleA

Co Y AYSYSY - YoFy.. VA VYD ey

o Yoo Ben AAVYe e YAVYD- - -J-¥F Ay Y-
C%« Bev = Ver SAAAYA. . \FFY —ofees JAY WYY YWY -y Y

g\ Yoo = Neus FEAVYY- - MY —+/YA Iy AN,

Moo Y¥YA-Y- - YEYa. . —/yoy JEY A

=TI YYADVA- + \YES. . LIYVEY Y. efe¥

LIT2 VAVAF - I —J¥sY NIYSR

LIT3 A5 ¥ VEE . —J¥F- N VIR

LIT4 V¥aaf. .. SYOA. - <Yy V/YY <IY0

G LITS VAVSAAYA- FOAA- - <JEYD WY IS
% LIT6 ADFVY - - VYa5. . LIvsa JEY A Yy vf N -

k3 LIT? AVIAS -+ aqa. - LI¥VD JEY s

LITS FATIA. - VPPV R A A

LIT9 YOVYYA- - Y- — ¥ WY -Ds

LITI10 Qa8 . <JEVA . .
LIT11 FEVAL - . /YA . .

C— b EAVYY -4 YYD - SJEVY NNV

ta Bee = \De VYYA-YAS + YOSVY - At VYD /YA
N, Ve e = Y0ee FAVY A FEFE - WY JEY N Vs Wy -y Y

E Yaee - Y- VESAFY - - BTN+ —/\V) VEY Y

& o -AAYA- - Y. —- /Y0 NIV IR

awlo g ople (s S B lo o muS B Sal ¢ pyle g Sal gl « S50 )b opdgin)) Sal ol gt )] Sal @Y pusts cusglgs Jols cuiy 4 00jb b S LIT*
il (g0 3oy8 Cylo g ) 9 S yS B Cunglgd (o sl Lyl (S dule g 1105lSS (S duslo g 150587 (o ) S


http://dx.doi.org/10.29252/jwmr.9.17.132
https://dorl.net/dor/20.1001.1.22516174.1397.9.17.14.6
http://jwmr.sanru.ac.ir/article-1-631-en.html

[ Downloaded from jwmr.sanru.ac.ir on 2024-04-27 ]

[ DOR: 20.1001.1.22516174.1397.9.17.14.6 ]

[ DOI: 10.29252/jwmr.9.17.132 ]

V¥ oMbl b55l=0y55ls (2951 (ngh (o5 5 gyl edlaiul b (b33 & Llus slado e s
Y Jgds dolsl
Table 1. Continue
Jelse oM e ol ey Pij (Pi) He S0 0w
(&2r2%) (&200%) max
s VSASY- - AART-E BAYNG AT AR
oxSlyy S VAYFSee YVEY. IYV¥ < /oA -/
o S VAQAF- « Y VY. <IYAY SIAY N3
ogl JSix VAYYEYVAS FY Yol oy AV oA
¢ buwgie JSis QAYEYA. VAYA. DAY -1V o5
&, J3é e YYYY. - . /¥ . .
& &l YOVa- - VYO AIVAA vy R VAV
w® b el Ay -Ivos .
Sy VYoo . <VYY . .
S VWWOVE. - Q.. . ofey ofen
GipliS el VYO . ALNSN . .
JE VVEVY e AVEY-. NG Nias o[y
C Ve VOAYFAVAR TYYS ..o -[50¥ V-5 < /¥
A Yoo —0-- SOYAFA- Y50 XY -/¥¥ oA
e Ao —¥eoe SYY-YA. . \£5AD ofevy YA -y Vg YIY -y .Y
é‘ Yoo =000 YESSSY .o VEVSY —/\YY VA¥ <I¥A
.o \$R.4Y - YVFY.. — Y -foy e
R YYAYES. . QY. .. — oYY \/YY AN
W- v AAVYA- YAYVD- - — /Ny BAVS AR
g YO - ¥- 452aY0 « YooYeoo ¥ -IAY Y VA VoS -\ -/
Foov. AVeYaY .. YYYYA- - IYAY V-5 <Y
Ve YY Qe OFAVY-- NS A AR
Q- VAFSAAFE YAYVS- . /¥ <JA A
= Ve 2\ AVESY- oo VAOFA- -+ —/\Ya NAVS -IvY
s 0 - Y- VEYAA-YYS YESAY -« NS VA .y Y YiY -y -y
= Yo - SVY-Fe e Weooo <J¥YY VAN A
Yo YOV .- VAo YA NAG! o).
e YOYYVSD) AFVAYY NAVS) AN <I¥YY
'E~ %— Jyon AVESYAA AYFYYY _eJfeY R e \/Y Y/¥ -I5 ¥
& S \FAALSDY VYAV WA vy VY
CXe. YYAYES. . VY- L XN BAN: ooy
Yeobeo AAVYA- YAV — /W XY oA
@ Feed 4533V - OFa. .. WA Y/v¥ -I5Y N YIY .15 -y
- qee Yoo AVeYaY .o VOSVA- + YN -IV¥ <Y
\Ye.< YY Qe Foye. AR A ooy
MYV YN SOVYEYYS VEOYAY SIYVY AAN AR
"g; C‘g —[oA— +/f YOVASYOY OFRADY VY o[+ay oA A YIY -/¥ -y
= JE WY YRAVEVVY FAAVY o[+¥) oY <Y

adr oo 5l ol gls )l cllas (F) @l b oS cul
Ou 3l Gl ol 00y Gl (V) Jgda 0 oS
Gl LB g 4 phSl Ll sl pedS g )lno 5
» kol oanaigg sl (1) 35 Bl Camlus
St Cuwlus WS 0 4 b slacwsSs bl
(V+0V) 22355 s 3bj ks 5 0L j chawgio (05 oS (S

(V7 Jss)

syehl 23,5 0 33 dbml g Al (gylubl el

b oS (gligF 4 o)l b3 b oniins by 6l 5 s
039 9 ooy by Jlenl wwd g glil Lili8l
QU Capr eyl ol A8 e T (38l b M
Cogby g (SHL 3y cle 4 oy led Cpr S 0D
dl}i.c@ [EXYS{ o w5]o) Jl&u‘ ) > diold Oi‘ 5 iy
SB by Ceglie g Jlop jlid Jiall 3 Sgpn Jele


http://dx.doi.org/10.29252/jwmr.9.17.132
https://dorl.net/dor/20.1001.1.22516174.1397.9.17.14.6
http://jwmr.sanru.ac.ir/article-1-631-en.html

[ Downloaded from jwmr.sanru.ac.ir on 2024-04-27 ]

[ DOR: 20.1001.1.22516174.1397.9.17.14.6 ]

[ DOI: 10.29252/jwmr.9.17.132]

Y

_ _ _ S0°30'0"E_ _ _ _
Z .
:°| 2
S
3l
I

|

|

|

|

|

| @

aS

| @b

| @)
2 @i
>
bl - —
o | 012 4
-

50°30'0"E

WAY bl g 5log /Y 0yl /ot Jlos sl o) o pte aoliiimgs

50°40'0"E

°40'0"N  31°50'0"N

31°40'0"N

50°40'0"E

G A ol 4k =V IS
Figure 16. Final zonation map

adllas 350 dilaio Jluge (gloaydjl g 39250 53 bl
‘&lﬁJo Ox dx.\:;ﬁ.&m uﬁ.:); S O%‘ )’l L’)ﬁ‘ﬁt{ Cawl

VAV Jao sl adlioe Juo sl b 85 (e e
Glols coa oo Vb cds ol o il

(0 JS8) wsbon (23eme) 4 ol (slaaing

Table 2. values of frequency ratio and seed cell area index

I (oriwcous 4 plidl (candin add ans jl

2,5 o dasMe ¥ Jodn ;3 oS 65Sken (Y Jodo) )5
4 WS s )";)Ja-'> Cumlas 81381 L S5 by 50
$dgmo Bgy Loy (FR) Slld cans poolde b5 Js
|y g BB oy S5y SCAI Lasls Ll (WY JS3) azils
GVl Sren iy oLy (WA JS5) amie oLt
L by b olj (s csloed, Logas (a3 s cslaos,

SCAI Laslis ¢ (FR) lglys o polio =¥ Jgdo

sp | hep | Ceidep  Columiop be, el :Cl o colue 36 colus o, e
Seed Sl °3) (@20 52) o (&0 5) (@) 23 G55 ks

vIve y/ay ofoe¥ YY/SA \\Z2L \ila% LARLER WOYYA. .. oS s

YAA W) -/\¥ AATAN YOV-SY e Yo/ AR 72 YO¥VIS ..o oS Jae

VIAY Y /A Y¥/£0 VAYSSA- ++ 8V 22 rYaa. .. VASYFAL . Lawgie e

JBY  YVIMA ofexa VE/¥D VIYY-f- . YAIYY FYYY- - VoYAAY- - sb;

- Yo/ o[5Y I FYFFY- .. VA/¥ Ya0s ... FFFAD -+ sbj s



http://dx.doi.org/10.29252/jwmr.9.17.132
https://dorl.net/dor/20.1001.1.22516174.1397.9.17.14.6
http://jwmr.sanru.ac.ir/article-1-631-en.html

[ Downloaded from jwmr.sanru.ac.ir on 2024-04-27 ]

[ DOR: 20.1001.1.22516174.1397.9.17.14.6 ]

[ DOI: 10.29252/jwmr.9.17.132 ]

DAt SleMbl Jo5,k ol 9581 (g (oS 5 Ubg 3l edlial b 34 4 el (slado e s

SCAI
O P N W b~ 01 O N O ©

SCAI Jasls kg, -V s
Figure 18. Seed cell area index trend

0.07
0.06
0.05

0.04

L
0.03

0.02

0.01

PO Uy N ) S T DY
S ok

Figure 17. Frequency ratio trend

Sensitivity

T
(1] 02 04

T
08 08 10
1 - Specificity

Sy oo VA S
Figure 19. ROC curve

il GWlae adlate )3 (B33 () wis ) Sl
S i Gl ) 35l 0 ) Sl sl Ll
ol cely 38 4 Lwlues bl ¢ yglre 43 odls dbxl 4
open & e 1) ol Sy Glps ) & cul
ool J8300me B8 & o ) adlate 5 sl ash
5l ys) Sluls Sl gt 4 I G55 a S
gaw » phie 5 odomin (pde Slbl pbol aiejls
Jlo g il )3 3980 ey dlasly gl )3 ASb oo 0jg>
S i > dite Sibyge) o Sig slunsls s
ol adlate b cuslite gloge S 5l mozen 9 295
dho > o5 o b 4 el & i b 35
el bl p oy See JBls 4 235 o ailai
3yse dilaie jI (ESe VWE+R) 1myd YWIFA Jio §) Jols
YOV-£IY) doyd YV o8 (s s 03y > adllas
2 (LS VAYFFIA) 1o )d YYIED oS slad o3y o (HisSa
03y 5 (e VIVY/F) do > VF/FD clawgio Jlas o,
0L b s ooy o (FYFF/Y) aoys VY 5 0L s

Gl 43,5 )18

Ll ey BB Gl Al jo (5o oy

b gl g (bl slaoly «(65)5liS ¢ SgSune bl
Jolge cald diej )3 Slillae bl cplply S 0 3l
96 o J o3 Shlus ials slaol, 5 g58y 5 s
b h3lome; st Comlus (gabdipy 448 4 Adbs
g bl yglaer Jolpe adS s Vb Cono
lojyiahly 4 (djlisl 9 (23059 9o slayiall olulid
(YY) Wil slad pdlie g 03y 5 3udl oS g
9o W Jold & (h3alie) 23y )3 See slayiell
slabuls Oldlles o (Slae Glialie wlel p bl o
aS b Gl srwcows )l ol gl w8 olels
@b Gl leMbl i)l = ogld 98] (oS5 Jse
Adloe Pilome) 4 pelee 3ble olulid > (YL
dej > 2V QDS b ogls g8l Ubg) oizmen
S ) S5 4 il oplome) syl sauas,
@l Gb )b cilhe o) Sladly b ol I Job b
2 O30 89 2 ) 10 eyt i s el
ol 36 Sily 4 sl 4l adlae yg0 dilaio


http://dx.doi.org/10.29252/jwmr.9.17.132
https://dorl.net/dor/20.1001.1.22516174.1397.9.17.14.6
http://jwmr.sanru.ac.ir/article-1-631-en.html

[ Downloaded from jwmr.sanru.ac.ir on 2024-04-27 ]

[ DOR: 20.1001.1.22516174.1397.9.17.14.6 ]

[ DOI: 10.29252/jwmr.9.17.132 ]

VFY

9.

10.
11.
12.
13.
14.
15.
16.
17.

18.

19.

20.

21.

22,
23.

24,

25.

26.
27.

28.

29.

WAY Gl 5 5l 1Y o)loss /a5 Sl jueil 059>y doliingy

&l

. Arabameri, A.R. and A.H. Halabian. 2015. Landslide Hazard Zonation Using Statistical Model of AHP (Case

Study: Zarand Saveh Basin). Physical Geomorphology, 28: 65-86.

Arabameri, A.R. and K. Shirani. 2016. Identification of Effective Factors on Landslide Occurrence and its Hazard

Zonation using Dempster-Shafer theory (Case study:Vanak Basin, Isfahan Province). Journal of Watershed

Engineering and Management, 8(1): 93-106.

Ayalew, L. and H. Ymagishi. 2001. The application of GIS-based logistic regression for landslide susceptibility

mapping in the Kakud-Yahiko Mountains, Central Japan. Geomorphology, 65: 15-31.

Bednarik, M., B. Magulova, M. Matys and M. Marschalko. 2010. Landslide Susceptibility Assessment of the

Kral*ovany-Liptovsky” Mikula§ Railway Case Study. Physics and Chemistry of the Earth, 35: 162-171.

Bui, D.T., B. Pradhan, O. Lofman, I. Revhaug and O.B. Dick. 2012. Landslide susceptibility assessment in the

HoaBinh province of Vietnam: A comparison of the Levenberg-Marquardt and Bayesian regularized neural

networks. Geomorphology, 172: 12-29.

Can, T., H.A. Nefeslioglu, C. GokceoHIu, H. Sonmez and Y. Duman. 2005. Susceptibility assessments of shallow

earth flows triggered by heavy rainfall at three catchment's by logistic regression analysis. Geomorphology, 82:

250-271.

Constantin, M., M. Bednarik, M.C. Jurchescu and M. Vlaicu. 2011. Landslide susceptibility assessment using the

bivariate statistical analysis and the index of entropy in the Sibiciu Basin (Romania). Environmental Earth

Science, 63: 397-406.

Demir, G., M. Aytekin, A. Akgun, S.B. Ikizler and O. Tatar. 2009. A comparison of landslide susceptibility

mapping of the eastern part of the North Anatolian Fault Zone (Turkey) by likelihood-frequency ratio and

analytic hierarchy process methods. Nat Hazards: 121-134.

Fatemiaghda, M., J. Ghiomian and A. Eshgheli Farahani. 2004. Evaluation efficiency statistics methods in

determined Landslide hazard potential. Journal of Geosciences, 11: 28-47.

Guzzetti, F., A. Mondini, C. Cardinali, F. Fiorucci, M. Santangelo and K.T. Chang. 2012. Landslide inventory

maps: New tools for an old problem. Earth-Science Reviews, 112: 42-66.

Greco, R., M. Sorriso—Valvo and E. Catalano. 2007. Logistic regression analysis in the evaluation of mass

movement's susceptibility case study: Calabria. Italy. Engineering Geology, 89: 47-66.

Hansen, A. 1984. Engineering geomorphology: the application of an evolutionary model of Hong Kong.

Zeitschrift fur Gomorphologie, 51: 39-50.

Komac, M. 2006. A landslide susceptibility model using the Analytical Hierarchy Process method and

multivariate statistics in perialpine Slovenia. Geomorphology, 74: 17-28.

Lee, S and T. Sambath. 2006. Landslide susceptibility mapping in the Damrei Romel area, Cambodia using

frequency ratio and logistic regression models. Environmental Geology, 50: 847-855.

Lee, S and K. Min. 2001. Statistical analysis of landslide susceptibility at Yongin, Korea. Environmental

Geology, 40: 1095-1113.

Maleki, A and A. Ghorbanpour, 2008. Landslide hazard zonation In Chemleh Watershed of Songhour. Journal of

Geographic and Development, (12): 181-198 (In Persian).

Mostafai, H., M. Onagh, M. Mesdaghi and M. Shariat Jafari. 2009. Comparison between efficiency of empirical

and statistical model to landslide hazard zonation (Almootrood watershed). Soil and Water Conservation

Research Journal. 16: 1-16 (In Persian).

Mohammadi, M., H. Moradi, S. Feiznia and H. Pourghasemi. 2009. Assessment of two variate Regresion and

AHP methods efficiency for Land slide hazard zoning, (A Case study: Haraz watershed). Iranian Journal of

Natural Resources, 62: 539-551 (In Persian).

Mohammadi, M., H. Moradi, S. Feiznia and H. Pourghasemi. 2009. Ranking of effective factors on Land slide

and Land slide hazard zoning maps using two variate Regresion and AHP methods, (Case study: Haraz

watershed). Journal of Earth Sciences, 74: 27-32 (In Persian).

Mohamadi, M., H. Moradi, S. Feiznia and H. Porghasemi. 2010. Efficiency of confidence operating model, the

value of information and AHP in landslide hazard zonation in Haraz watershed. Iran Natural Resources Journal,

62: 539-551. (In Persian)

Nasrabadi, A.H., Sh. Shatai, M. Rafatnia and M. Shariat Jafari. 2008. Assessment of efficiency to information

value statistics and area density models for landslide hazard zonation. Natural Resources and Agriculture Science

Journal, 15: 23-34 (In Persian).

Neuhauser, B. and B. Terhorst. 2006. Landslide Susceptibility Assessment Using Weights-of-Evidence Applied

to a Study Area at the Jurassic Escarpment (SWGermany). Geomorphology: 1-13.

Pradhan, B. and S. Lee. 2010. Landslide susceptibili}y assessment and factor effect analysis: back propagation

artificial neural networks and their comparison with frequency ratio and bivariate logistic regression modeling.

Environmental Modeling and Software, 25: 747-759.

Pourghasemi, H.R., B. Pradhan, C. Gokceoglu and K. Deylami Moezzi. 2012. A comparative assessment of

prediction capabilities of Dempster—Shafer and weights-of-evidence models in landslide susceptibility mapping

using GIS.Geomatics. Natural Hazards & Risk, 5:23-43. (in Persian)

Rasai, A., K. Khosravi, M. Habibnejad Roshan, A. Heidari and A. Mashayekh Khan. 2015. Lnadslide Hazard

Zonation using Multivariate Regression in GIS Environment (Case Study: Aghmashhad Watershed,

Mazandaran). Journal of Watershed Management Research, 6(12): 205-2015.

Shannon, C.E. 1948. A mathematical theory of communication. Bulletin System Technology Journal, 27: 379-

423,

Zare, M., A. Moghaddamnia, S. Tali Khoshk and H. Salmani. 2015. Landslide Hazard Assessment by using

lsleuro-l):uzzy Technique in VazWatershed, Journal of Watershed Management Research, 6(11): 101-110 (In
ersian).

Zare, M., M.H. Jouri, D. Askarizadeh, T. Salarian and M. Fakhre Ghazi. 2016. An Evaluation of Landslide

Hazard in Masooleh Watershed using Dempster-Shafer Theory and GIS. Journal of Watershed Management

Research, 7(13): 2010-2017 (In Persian).

Zhu, C. and X. Wang. 2009. Landslide susceptibility mapping: A comparison of information and weights-of

evidence methods in Three Gorges Area. International Conference on Environmental Science and Information

Application Technology, 187: 342-346.


http://dx.doi.org/10.29252/jwmr.9.17.132
https://dorl.net/dor/20.1001.1.22516174.1397.9.17.14.6
http://jwmr.sanru.ac.ir/article-1-631-en.html

[ Downloaded from jwmr.sanru.ac.ir on 2024-04-27 ]

[ DOR: 20.1001.1.22516174.1397.9.17.14.6 ]

[ DOI: 10.29252/jwmr.9.17.132 ]

Journal of Watershed Management Research, Vol. 9, N0.17, Spring and SUMMEr 2018 ..........cooeeeiiiieneiiieeeeiii e e 144

Identify Areas Susceptible to L andslides using new Synthetic M ethod Shannon’s
Entropy Index-Information Value (Case Study: Karoon Sarkhon Water shed)

Alireza Arabameri?, K halil Rezaei?, K ourosh Shirani® and Mojtaba Y amani*

1- PhD Student of Geomorphology, Tarbiat Modarres University, Tehran, Iran,
(Corresponding Author: Alireza.ameri91@yahoo.com)
) 2- Assistant Professor of Sedimentology, Kharazmi University, Iran
3- Assistant Professor, Isfahan Research Center for Agriculture and Natural Resources, Isfahan, Iran
4- Professor of Geomorphology, Tehran University, Iran
Received: 14 May 2016 Accepted: 1 May 2017

Abstract

The landdlides impose serious damages to the economy, environment and human throughout
the world. Identification of areas susceptible to landdlides is necessary to avoid risks. In This
research for Landslide hazard zonation in sarkhoon karoon watershed have been used Shannon’s
Entropy Index and Information Value Methods. For this purpose, at first, landslide locations
were Identified using satellite images and field surveys and then landslide inventory map was
created for study area. In the next step, 10 Effective Factors in Landslide occurrence include
atitude, slope, aspect, distance from road, distance from fault, distance from river, lithology,
land use, stream power index, topggraphy wetness index, Plane Curvature and Profile
Curvature were identified and mentioned maps will be digitized in GIS. In order to determine
the weight of factors used Shannon’s Entropy Index and to determine the weight of classes used
Information Vaue. The final Zonation map in the five classes include potential risk of very low,
low, moderate, high and very high were prepared. The ROC (Receiver operating characteristic)
curves and area under the curves (AUC) for landslide susceptibility map were constructed and
the areas under curves were assessed for validation purpose and its value showed that the hybrid
model has a higher efficiency (0.781) for landslide hazard zonation. Results showed that land
use and distance to road factors have the greatest impact on landslides. According to the results
of landdide maps 14.45% (11220.4 ha) of the area are ranked as very dangerous areas and
6.11% 14744.1 ha) as dangerous areas.The results of this research can help planners to choose
favorable locations for development schemes, such as infrastructural, buildings, road
constructions, and environmenta protection.

Keywords. Information Vaue, Landslide, Shannon’s Entropy Index, Sarkhon
Watershed, Zonation
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